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Abstract (249 words) 1 
Purpose 2 
This study evaluated the community-based Eccentric Viewing (EV) training offered across the 3 
UK by the Macular Society.   Volunteer trainers deliver free one-to-one training, usually in 4 
learners’ homes.  They also share information about lighting, magnification, social support and 5 
low vision technology.   6 
Methods 7 
The audio-recorded reading performance of learners was compared before and after training.   8 
Telephone questionnaires were used to assess: life satisfaction; amount of reading performed; 9 
health- and vision-related quality of life. Learners were also interviewed to obtain their subjective 10 
opinions.   11 
Results 12 
A total of 121 learners completed all stages of the study.  There was no significant change in 13 
maximum reading speed. A statistically significant (p<0.001) but small improvement in both 14 
critical print size and threshold print size was found, but frequency and duration of reading did 15 
not increase. There was a borderline significant (p=0.022) increase in “life satisfaction” for the 16 
learners, but a highly significant (p<0.001) decrease in their "positive affect". There was no 17 
 change in health- or vision-related quality of life, or in the difficulty experienced in performing 18 
everyday tasks. 19 
However, from learner interviews, 68% felt they had achieved a positive outcome from the 20 
training, and 75% that they had received helpful advice in addition to the EV training.  21 
Conclusion 22 
The lack of improvement of reading speed, and modest improvement in threshold print size, 23 
should be interpreted in the context of the unique features of this EV programme, since many 24 
learners who would seem to have limited scope for improvement still undertake the training.  25 
 
 
 
 
 
  
 Introduction 26 
Individuals with bilateral macular disease (MD) experience blurred, distorted or missing areas 27 
within their central visual field, which impairs their ability to carry out many activities of daily 28 
living, particularly those involving reading. If the affected retinal area includes the fovea, the 29 
person appears to compensate for this impairment by changing their gaze direction (eccentric 30 
viewing (EV)), so that the image of any object of interest is placed away from the damaged part 31 
of the eye, and on to an area of paracentral retina which has a better potential for good vision – 32 
the Preferred Retinal Locus (PRL).1 However, because the resolving ability of the retina reduces 33 
as the distance from the fovea increases, the full potential for vision is usually only realised 34 
when the image is magnified (using either an optical or electronic aid). It appears that this re-35 
positioning of the image on the retina happens spontaneously, and over a relatively short time 36 
period,2 but it is not known whether EV can be enhanced by active training, or whether certain 37 
types of training would be more effective than others.3  38 
Since its introduction in the 1970s in the USA4 and Sweden5, EV training has been part of the 39 
rehabilitation offered in low vision clinics worldwide. In contrast, such training is only 40 
sporadically available, and difficult to access, in the UK.  The UK charity, the Macular Society 41 
(Mac Soc), believe that everyone with central vision loss should be able to access holistic 42 
rehabilitation and low vision services. Hence in 2006 Mac Soc instituted a programme to 43 
develop and promote one particular model of EV training within the UK, particularly focusing on 44 
a technique known as “steady eye strategy (SES)” for reading. The programme developed a 45 
network of volunteer EV trainers who have undergone a 3 day bespoke training course. Some 46 
trainers have macular conditions themselves; some are fully sighted; and some are 47 
professionals who work for partner third sector organisations. 48 
 The trainers deliver free one-to-one training in EV and SES to people with macular disease in 49 
their local community (learners). The trainers aim to offer between 1–3 sessions, lasting no 50 
longer than one hour each: these are usually delivered in the learner's own homes, or in a 51 
community venue. These sessions are generally held over a 2–3 month period in order to allow 52 
the learner time to practice the techniques in between the sessions. Trainers also pass on 53 
handy hints and tips about using lighting, magnification, and contrast, but do not provide any 54 
form of low vision assessment. They might suggest that learners seek a low vision assessment 55 
or contact their local Social Services sensory impairment teams; and they might provide details 56 
of other support services.  57 
The aim of the current study 58 
This study was an evaluation of the effectiveness of the Mac Soc programme provided in a 59 
community setting by volunteers, conducted by researchers who were independent of Mac Soc.   60 
The EValuation Study was not an evaluation of EV rehabilitation per se, since there are 61 
expected to be other factors which may influence clinical outcomes which cannot be controlled 62 
in the programme (eg availability of optimum spectacles and magnifiers; application of vision-63 
related eligibility criteria).  64 
A previous evaluation of the programme6, and anecdotal evidence from Mac Soc, suggested 65 
that the programme delivered more than an improvement in reading skills, and so a wide range 66 
of measures were used to capture secondary outcomes which could have resulted from the 67 
intervention.  68 
Methods 69 
The EValuation Study received a favourable opinion from the University of Manchester 70 
Research Ethics Committee: informed consent was obtained from all participants, and the 71 
 research followed the tenets of the Declaration of Helsinki. All existing trainers on the Mac Soc 72 
database, and all those trained during the period of the study, were encouraged to consent to 73 
be part of the EValuation Study. Individuals who joined Mac Soc were made aware of the 74 
availability of the training, and those members who wanted to learn the techniques, registered 75 
their interest. As a trainer became available in their area, they were notified. If that trainer had 76 
agreed to be part of the EValuation Study, the learner was also sent a consent form to 77 
participate in the EValuation Study. If they did not consent, the trainer was notified to proceed 78 
with training, and there was no further involvement with the research team. If the learner 79 
consented, they received a pre-training phone interview (see Table 1 for content) which also 80 
confirmed eligibility (Table 2), and then the trainer was notified that their learner was ready to 81 
start training. The trainer was also interviewed to obtain baseline demographic data and confirm 82 
their eligibility for the EValuation Study (Table 2). 83 
Table 1 Data gathered in the study. Researchers A and B are two different members of the 84 
independent research team. (MLVQ: Manchester Low Vision Questionnaire7; PANAS: Positive 85 
and Negative Affect Score8; EQ-5D-5L9; 7-item NEI-VFQ10: 7 items selected from National Eye 86 
Institute Visual Function Questionnaire; VisQoL: AQoL-7D (Vision) Instrument11)  87 
Data obtained Data about trainer 
obtained by  
Data about learner obtained by 
 Researcher B Trainer Researcher A Researcher B 
Demographic/baseline 
info  
Pre-training  Pre-training  
Reading performance  Pre- and 
post-
training 
  
Life satisfaction rating12  Pre- and post-
training (6 
weeks) (all) 
 
MLVQ 
PANAS 
EQ-5D-5L 
7-item NEI-VFQ 
VisQoL 
Satisfaction with/opinions 
about training 
 Post-training 
(2 weeks) 
Cost diary 
 
Post-training (2 
weeks) 
Post-training 
(2 weeks) 
  88 
Table 2 Eligibility criteria for learners and trainers for the EValuation Study 89 
 Inclusion criteria Exclusion criteria 
Trainers Training arranged and funded 
by Mac Soc on their specific 
2 or 3 day courses  
 
Trained by any other 
agencies 
Not contactable by phone (no 
phone; hard of hearing) 
Learners Having received information 
concerning the MacSoc 
programme, are interested to 
make an appointment to see 
a trainer, and are still 
interested when trainer 
becomes available 
Not contactable by phone (no 
phone; hard of hearing)  
Habitual language not 
English 
Simultaneously involved in 
training from another provider 
 
Reading speed was chosen as the primary outcome, since this is typical in previous studies 90 
(reviewed by Pijnacker et al13 and Gaffney et al3). The aim was to obtain a complete data set on 91 
112 learners, based on a sample size calculation which included sub-group analyses for the 92 
effects of: the use of magnification; the age of the participants; and the initial reading speed. 93 
These factors were all suggested to be related to the benefits accruing from the training in a 94 
previous evaluation of the programme.6 Although there had been no suggestion that age 95 
affected the reading performance improvements that were found, it was suggested that it might 96 
be the reason why those improvements were not translated into improvements in reported 97 
quality of life in their participants.6  98 
To measure reading performance, a test was devised using single meaningful sentences of 99 
logarithmically decreasing size which had previously been used in published and prototype 100 
MNread tests by Professor Legge (personal correspondence), and were used with his 101 
permission for this study.  The test resembled an abbreviated MNRead Acuity Chart14  with 102 
sentences from 64 point to 4 point in size, arranged across two A4 sheets. It was designed to be 103 
 printed on paper to be posted to trainers, and to be placed on an A4 clipboard (which is the 104 
preferred method of holding reading material in the training programme).  Using this test it was 105 
possible to determine maximum reading speed, critical print size (the smallest print read at the 106 
fastest speed) and threshold print size. There were 4 different versions of the test which were 107 
used in ad hoc sequence. A different version of the test was used for each learner’s pre-training 108 
and post-training assessments.  109 
The learner was asked to use their preferred spectacles and/or magnifiers, just as they would 110 
do if trying to read small print, and to read the text as quickly and accurately as possible. 111 
Trainers measured the reading distance from the learner’s cheek to the clipboard, using a long 112 
strip of paper which they tore off at the appropriate distance: they were asked to do this at the 113 
beginning, and check it again at the end of the test (and the latter is the value reported here). 114 
The only other instruction to the trainers was to encourage the learner to try smaller print if they 115 
found the large size too big (as could be the case if they were using a high-powered magnifier). 116 
Trainers were provided with digital recorders to audio-record the reading test performance, and 117 
they also reported on the aids being used by the learner (spectacles, magnifiers, lighting): it was 118 
therefore possible to determine whether pre- and post-training reading took place under the 119 
same conditions. Recordings were later analysed using audio editing software (Wavepad Sound 120 
Editor v5.00, NCH Software, www.nch.com.au/wavepad) to identify reading errors and the time 121 
taken to speak each sentence. If the learner was only to have one visit (i.e. they did not want to 122 
proceed with training, or were considered unsuitable for training), then the trainer repeated the 123 
reading test (using a different version) at the end of the visit. Otherwise the training proceeded 124 
and reading was voice-recorded again at the final visit, several weeks later.   125 
All the remaining data were gathered by pre- and post-training telephone interviews. The same 126 
sequence of questionnaires was used in all cases (as shown in Table 1). The interviews to 127 
repeat the questionnaires were scheduled to take place 6 weeks after the end of the training. A 128 
 single item “life satisfaction” rating was also used12 and formed the first item of each interview. 129 
An adaptation of the Manchester Low Vision Questionnaire (MLVQ)7 was used to identify what 130 
spectacles/magnifiers were used to read small print; how often the person had read within the 131 
last 4 weeks (graded 4 (>5 times per day) to 0 (never in last 4 weeks); and the average and 132 
longest times spent reading on each occasion (graded 4 (≥30 minutes per day) to 0 (<1minute 133 
per day)). Learners' knowledge of visual impairment was assessed by asking whether they 134 
agreed or disagreed with the following statements about vision: “Using your eyes too much will 135 
make your remaining vision worse”; “Sitting too close to the TV causes your eyesight to worsen” 136 
and “When you are reading, more light will improve your ability to see”. 137 
The PANAS scales of positive and negative affect8 were used to assess mood. This section of 138 
the interview consisted of 20 words that describe different feelings and emotions.  The learner is 139 
asked to say to “what extent have you have felt this way over the last 2 weeks”.  The words are: 140 
Interested, Distressed, Excited, Upset, Strong, Guilty, Scared, Hostile, Enthusiastic, Proud, 141 
Irritable, Alert, Ashamed, Inspired, Nervous, Determined, Attentive, Jittery, Active, Afraid. The 142 
options are: very slightly or not at all (1), a little (2), moderately (3), quite a bit (4) or extremely 143 
(5). Ten of the words represent “positive” emotions and ten are “negative”: the scores for each 144 
category are summed to give total affect scores which could respectively range between a 145 
minimum of 10, and a maximum of 50. These scales have shown significant changes in elderly 146 
participants as a result of a non-medical intervention.15 147 
The functional outcomes in terms of activities of daily living were captured using the 7-item NEI-148 
VFQ10, which asks responders to grade their difficulty (from 1 (no difficulty) to 5 (stopped doing 149 
because of eyesight)) with reading newspapers, close work or hobbies; street signs; going out 150 
to theatre or sports events; reading small print; figuring out bills; and watching TV. This was 151 
used in a previous study of community-based vision rehabilitation, is “short, reliable and 152 
 psychometrically robust”16, and has been found to be responsive to rehabilitation intervention. 153 
The original US wording of the questions was used.  154 
To assess the cost-effectiveness of treatments, the EQ-5D9 measures generic health-related 155 
quality of life (QoL) and is the recommended instrument for comparisons of different health 156 
states by the National Institute of Health and Care Excellence (NICE) in the UK.17 The EQ-5D-157 
5L requires the learner to rate the extent of their problems in 5 areas: mobility, self-care, 158 
performance of usual activities, pain/discomfort and anxiety/depression. However, even in the 5-159 
level version, there are doubts about whether EQ-5D is able to accurately represent the visual 160 
state, or be sensitive to visual change.18 In addition to EQ-5D-5L, therefore, the AQoL-7D 161 
(Vision) (VisQoL) was used11, since this was specifically designed to measure vision-related 162 
QoL. VisQoL consists of 6 questions which ask learners about the effect of vision on the risk of 163 
injury; ability to cope; friendships; ability to arrange assistance; ability to fulfil desired roles; and 164 
confidence to join in everyday activities.  165 
The intention was to carry out a cost-benefit analysis and so approximately 2 weeks after the 166 
end of training a “cost diary” interview was undertaken with both trainers and learners. These 167 
were used to identify both monetary and time costs involved in participation in the study: the 168 
time involvement for trainers and learners when meeting; the time devoted to any homework 169 
and practise; information about the facility in which the training took place; transportation to this 170 
location; equipment involved in the training (eg reading materials); and additional equipment (eg 171 
lamps, clipboards) obtained by learners to help with reading. In that same interview, learners 172 
were also asked open-ended questions concerning their opinions of, and satisfaction with, the 173 
training process. These interviews were analysed by two researchers independently to identify 174 
positive and negative themes, and the frequency with which those themes appeared.  175 
Results 176 
 The EValuation Study recruited participants during the period of October 2012 to November 177 
2013. Recruitment ceased when it was felt that the completion target would be reached (using 178 
estimates of drop-out rate) but in fact this was exceeded and 121 learners completed all 179 
sections of the study, although some data was unusable/missing.  The flowchart (Figure 1) 180 
shows the progress of learners through the study. Of the 121 completing learners, 9 had only a 181 
single visit with the trainer, so they are assumed to be untrained. All other participants who had 182 
more than 1 visit are assumed to have undergone training (112/121 = 92.5%). Unless stated 183 
otherwise, all learners are included in the analyses. 184 
During this period there were approximately 215 trainers who were active and accepting 185 
referrals from MacSoc, and 88 consented to join the EValuation Study. Overall, 281 learners 186 
were matched to 58 of the consenting trainers and issued with consent forms; 200 started the 187 
study, with 121 completing, trained by 34 of the trainers. The timing of the post-training 188 
interviews was often difficult to control, since the research team only knew that training had 189 
been completed when the reading test recording was received from the trainer. The median 190 
time from receiving the post-training (second) reading test to the "cost diary" interview was 51 191 
days, and the median time to the "questionnaire" interview was 91 days.  192 
The background information obtained in the baseline interview with learners, before they started 193 
training, is summarised in Table 3.   194 
  195 
 Table 3 The demographic data for the completing participants (n=120; data for one participant 196 
are missing). 197 
  Number (%)  
Age <60 years 3 (2.5)  
 60-70 years 14 (11.6)  
 70-80 years 27 (22.5)  
 80-90 years 65 (54.2)  
 >90 years 11 (9.2)  
Gender Male 39 (32.5)  
 Female 81 (67.5)  
Live alone Yes 61 (50.8)  
 No 59 (49.2)  
Time since last sight 
test for spectacles 
<1 year 98 (81.6)  
 1-2 8 (6.6)  
 2-5 years 2 (1.6)  
 >5 years 1 (0.8)  
 Don’t know 11 (9.2)  
Do you have 
spectacles to use for 
reading? 
No 13 (10.8)  
 Yes, but don't use 11 (9.2)  
 Yes 96 (80.0)  
 If yes, how long have 
you had your 
spectacles? 
<1 year 32 (29.9) 
  1-2 years 24 (22.4) 
  2-5 years 13 (12.1) 
  >5 years 11 (10.3) 
  Don’t know/many 
years 
27 (25.2) 
Do you have a 
magnifier for reading? 
No 8 (6.7)  
 Yes, but don't use 4 (3.3)  
 Yes 108 (90.0)  
 If yes, how long have 
you had your 
magnifier? 
<1 year 35 (31.3) 
  1-2 years 28 (25.0) 
  2-5 years 19 (17.0) 
  >5 years 14 (12.5) 
  Don’t know 16 (14.3) 
Based on the reports of the trainers, only 54 participants were reported to be using 198 
magnification during the reading tests (50 optical (41.3%) and 4 electronic (3.3%)). A total of 51 199 
(42.2%) were reported to be using no aid, or spectacles only; and for 16 (13.2%) status was not 200 
 reported. Of those using an optical magnifier, the distance between the learner's cheek and the 201 
test material, at the end of the reading test, was 26.26 +/-11.44cm (range 4cm to 47cm). 202 
The usual instruction given when conducting a reading test is that the reader should not correct 203 
their mistakes and should carry on to the end: incorrect or missed words are then accounted for 204 
in the scoring. To keep the test simple for the trainers, they were not asked to give this 205 
instruction. Hence, because of the sentence structure of the reading test, learners almost 206 
always went back and corrected their mistakes, and in some cases would probably not have 207 
been able to continue at all without those contextual clues. This scenario inevitably increased 208 
the variability and duration in the reading speed measurements, with an occasional very slow 209 
sentence whilst the reader sorted out their mistake and re-read the sentence through, 210 
sometimes several times.  211 
The threshold print size (TPS) was taken as the smallest that could be read by the learner with 212 
no more than 2 of the 10 words in that sentence read incorrectly. It was found that 1 or 2 word 213 
errors tended to be minor (eg “coat” rather than “coats”, or “the hat” rather than “his hat”), so the 214 
meaning conveyed was largely unaffected.  Reading speed (in words per minute - wpm) was 215 
calculated for each sentence, from the reading time in seconds (measured to the nearest 216 
millisecond), using the formula 217 
Reading speed = ((10-words missed)) x 60/time taken. 218 
The maximum reading speed (MRS) was the highest achieved for any sentence in the test. The 219 
“critical print size” (CPS) is the smallest size that can be read at the fastest speed: in the current 220 
study this size was interpreted as the smallest print read at 80% of the MRS. The reading data 221 
are summarized in Table 4. 222 
 Table 4 Mean (+/- SD) of reading performance parameters derived from audio-recording of 223 
reading of meaningful sentences (n=106) (ns: not significant) 224 
 Pre-training Post-training Change significance 
MRS (wpm) 104.33±59.29 104.34±58.18 +0.01±27.39 ns 
CPS (point size) 34.86±22.43 29.69±21.69 -5.20±18.44 0.005 
TPS (point size) 19.99±21.22 15.57±17.59 -4.42±10.92 <0.001 
There is no change in mean MRS as a result of training, although a highly statistically significant 225 
decrease (improvement) in the print size that can be accessed. All of these parameters are 226 
extremely variable between individuals, which can be seen in Bland-Altman19 analyses of MRS 227 
(Figure 2) and TPS (Figure 3). Multivariate ANOVA was performed to identify whether any 228 
factors were related to the measured changes; neither age, initial reading rate, nor magnifier 229 
use were significantly associated with change in performance. Nine of the participants were 230 
untrained (they only had one visit, and both their reading tests were conducted at the same 231 
visit). When they were excluded, it did not materially change the results. If participants were 232 
divided into 3 groups by initial reading speed (<40 wpm (18.9%); 40-80 wpm (18.7%) and  233 
>80wpm (63.2%)) there was a tendency for greater change in MRS in the poorest readers 234 
(mean log change in MRS = 0.23±1.04) but this did not reach statistical significance. Figure 2 235 
also illustrates that the change in MRS does not appear to be related to the pre-training reading 236 
speed. If participants are grouped by age (<80 years and ≥80 years) there is a tendency for the 237 
older group to get slightly better reading speed, and access to slightly smaller print, post-238 
training, but this did not reach statistical significance.  239 
Although the changes in CPS and TPS are statistically significant, they are modest, and show 240 
considerable inter-individual variability, which is illustrated in Figure 3 for TPS. The clinical (i.e. 241 
functional) significance of these changes is unknown, but may be greater than practitioners 242 
would expect. If "large print" is 16 point, then pre-training 35.2% of participants could 243 
 "comfortably" access this (i.e. their CPS is ≤16), and after training this had risen to 44.8%. The 244 
equivalent shift for accessing “standard print” (10 point) was from 20% to 23.8%.  245 
Although 121 learners completed the before and after questionnaires, there are some missing 246 
data (since learners could decline to answer any question on either occasion). There are 247 
therefore different numbers of learners in each dataset.  248 
The Life Satisfaction Ratings (LSR) are  based on 114 learners. LSR changed from a mean 249 
value of 6.51 +/- 2.36 pre-training to mean 6.99 +/- 2.27 at the post-training interview.  A paired 250 
t-test suggests that this improvement is statistically significant (p=0.022) although this must be 251 
interpreted with caution in this study considering the number of significance tests which are 252 
being conducted. However, the change in LSR is highly significantly correlated to the change in 253 
MRS (p<0.001), although the strength of the correlation is moderate (r=0.28).In calculating the 254 
Positive and Negative Affect Scores, a number of participants were unable to answer one or 255 
more of the questions (“attentive” and “proud” were particularly difficult for some learners to 256 
interpret), so the average score for the responses given was multiplied by 10 to give the final 257 
score.  258 
Table 5 The pre- and post-training scores on the PANAS questionnaire (n = 121: ns=not 259 
significant) 260 
 261 
 Positive Affect Negative Affect 
Population norms20 Median 32 Median 14 
Pre-training   (mean ±SD) 31.73 +/- 7.18 19.05 +/- 7.50 
Post-training (mean ±SD) 30.36 +/- 7.67 18.62 +/- 6.48 
Change (post-pre) (mean± SD) -1.47+/- 4.34 -0.45+/- 6.42 
t-test (2 tailed, paired sample)  p < 0.001 ns 
 262 
It can be seen that this study population has a similar positive affect to the general population 263 
sampled by Crawford and Henry20. The slightly lower positive affect score is understandable, 264 
since this is known to be associated with female gender and older age. The negative affect 265 
 score in the learners is considerably higher than might be expected: they have a higher (worse) 266 
score than 80% of a general population sample. 267 
After the training, there was a fall (worsening) of positive affect which is highly statistically 268 
significant. The fall (improvement) in negative affect is not statistically significant. However 269 
neither of these changes correlates with changes in MRS, CPS or TPS.   270 
The responses to the MLVQ  are summarized in Table 6.  271 
Table 6 The responses of the learners to the MLVQ Part 2 before and after training 272 
  273 
If you were going to try to read small print ….would you use a magnifier? Can you 
describe it to me? 
 Pre-training Post-training 
Illuminated unknown type 11 12 
Illuminated hand 47 43 
Illuminated stand 3 12 
Non-illuminated unknown type 7 3 
Non-illuminated hand 19 16 
Electronic – hand held 3 3 
Electronic – desk-top 12 15 
Spectacle mounted 4 2 
No magnifier 15 15 
 
 Pre-training Post-training 
“How often have you read any sort of print in the last 
4 weeks?” 
2.95±1.17 2.99±1.00 
4 = Many times (>5) each day; 3 = Several times (1-4) each day; 2 = Weekly (< 1 daily 
but at least >1 per week); 1 = Occasionally (<1 per week); 0 = Never (not at all in last 4 
weeks)*IF SCORE 0, automatically score 0 on next two questions 
 Pre-training Post-training 
“If you think about all the times you have read 
anything in the last 4 weeks, what is the average 
length of time you have read for on each occasion?” 
2.21±1.24 2.27±1.19 
“What is the longest time you have read (on any one 
occasion) in the last 4 weeks?”    
2.57±1.34 2.70±1.27 
4 = >30 minutes; 3 =  >15 minutes and < 30 minutes; 2 = >5 minutes and < 15 minutes; 
1=  ≥1 minute and < 5 minutes; 0 = < 1 minute 
 274 
The results showed no significant change in frequency or duration of reading. The learners were 275 
questioned about their knowledge of visual impairment. The “knowledge score” ranges from 0 (if 276 
 giving none of the intended answers, to 3 for giving all “correct”). It might be expected to rise as 277 
a result of the training, since the trainers were imparting general information about visual 278 
impairment to their learners. However the mean “knowledge” scores were 2.18±0.83 before 279 
training and 2.19±0.84 after training.  280 
Table 7 The number of learners agreeing or disagreeing with each of the statements regarding 281 
vision (only the learners giving the “correct” answers are shown) 282 
 283 
 Intended 
Answer 
Pre-training Post-training Post-training 
  Yes No Yes No Change to 
YES 
Change to 
NO 
“Using your eyes too much will 
make your remaining vision 
worse” 
NO  74  71 19 17 
“Sitting too close to the TV 
causes your eyesight to 
worsen”  
NO  86  88 13 16 
“When you are reading, more 
light will improve your ability to 
see” 
YES 104  104  11 11 
 284 
Although the numbers answering “correctly” are very similar before and after training, the detail 285 
of the responses (Table 7) shows that there are quite a number of individuals who changed their 286 
answers (shown in the final columns). 287 
It was clear from the way that learners answered the questions, that a number of them 288 
answered “yes” to the first question because they equated making vision worse with the 289 
tiredness that they felt when carrying out visual tasks. Therefore carrying out the EV training 290 
might have made more learners answer “yes” because the training made their eyes tired, or “no” 291 
because using EV and SES was less tiring than their usual reading strategy. As can be seen 292 
from the table, there was no systematic change here: both changes were equally likely.   293 
For the 7-item NEI-VFQ, the published algorithm derived from Rasch analysis10 was used to 294 
derive person scores for each learner, before and after the training. One question created some 295 
difficulty for some responders, since it asked how much difficulty the responder had with tasks 296 
 “such as cooking and sewing”. Two learners responded “1 for cooking and 5 for sewing”: this 297 
response was treated as missing data. The range of possible person scores was -3.22 logits (no 298 
difficulty with any tasks) to +3.39 logits (stopped doing all tasks). The mean person score before 299 
training was 0.22 (+/-1.64) logits and after it was 0.14 (+/-1.63) logits. The mean before and 300 
after difference in the scores for the learners was -0.06 (+/-1.13) logits, which is a very small 301 
proportion of the possible range of scores, so was neither statistically (p>0.05) nor clinically 302 
significant. The profile of answers for the EQ-5D-5L was analysed to give an index for each 303 
learner with reference to the UK data set. In this set the range of scores are +1.00 (good health-304 
related quality of life) to -0.594 (poor health-related quality of life). In the learner cohort the 305 
mean (+/-1SD) index pre-training was 0.65+/-0.22 and post-training this was 0.63+/-0.23. The 306 
mean pre-  to  post-training difference for all the learners is 0.00+/-0.22. The profile of 307 
responses to the VisQoL was used to provide a “dimension score". The scores range from 0 308 
(severe effect of vision on quality of life) to 1.00 (no effect), so a higher score is better.  The 309 
mean dimension score before training was 0.61 (+/-0.22) and after training it was 0.61 (+/-0.21). 310 
Taking the mean of the differences for all the learners was 0.00 (+/-0.16).  311 
None of these QoL instruments showed a statistically significant change as a result of training. 312 
These mean values disguise the fact that some learners did experience dramatic changes in 313 
scores, in both directions. Investigating a possible link for each with changes in reading 314 
performance showed the correlation between an improvement in VisQoL score and an 315 
improvement in MRS was 0.23 (p=0.018) which suggests a modest link between the two.  316 
Cost diary interviews were conducted with both the learners and the trainers, but only the time 317 
spent by learners is reported here. Learners confirmed that, as planned, the median number of 318 
sessions was 3 (mean 2.95). The length of sessions varied between 10 and 120 minutes, with a 319 
median of 60 minutes (mean session 1: 58.4; session 2: 55.2; session 3: 56.9). The median 320 
total training time was 180 minutes (mean 170).  321 
 It was assumed that all learners who had more than one training session were encouraged to 322 
practice in the intervening time. The length of practice per day reported by learners was very 323 
variable from 0 to 240 mins: very long durations involved learners who read for a high proportion 324 
of the day (eg at work), using the new techniques on all occasions. The median reported 325 
practice time per day was 15 minutes. A total of 51 learners said they practiced on 6-7 days per 326 
week; 37 on 3-5 days per week, and 11 on 1-2 days. 22 said they did not practice at all, 327 
although 9 of these were learners who only had 1 session. Therefore the calculated practice 328 
time per week (adding all the days together) varied from 0 to 540 minutes with a median of 65 329 
minutes. To calculate the overall practice time throughout the training, the length of the intervals 330 
between the training sessions were added together. The median value was 3.17 weeks 331 
between the 1st and 2nd session, and 2.93 weeks between the 2nd and 3rd session. Calculating 332 
the total practice time for each learner gave a median of 360 minutes, or 6 hours. There was no 333 
correlation of practice time with the changes in MRS, CPS, or TPS. 334 
Learner satisfaction 335 
The learners were asked what they had wanted to achieve from the training and whether they 336 
had done so (Table 8).   337 
 338 
 339 
 340 
 341 
 342 
 343 
 344 
 345 
  346 
Table 8 The expectations of the learners before their training, and the number who achieved 347 
their goals (n=117; missing data for 4 learners) 348 
To read 
better 
Other visual 
improvement; or 
to use eyes 
better 
Information 
about the 
technique 
Other 
aims 
 No expectation/sceptical 
N=64 N=29 N=11 N=2  N= 11 
 
Total learners = 106  Total learners = 11 
Achieved 
fully  
Achieved 
partially 
 Achieved 
another goal 
instead 
Did not 
achieve 
anything 
 Achieved a 
positive 
outcome 
Did not 
achieve 
anything 
N=42 N=32 N=4 N=28  N=6 N=5 
From the 117 learners, 80 (42 + 32 + 6) (68%) achieved, at least partially, a positive outcome. 349 
Of those 11 learners who went into the process with no expectations, or sceptical about the 350 
training, over half achieved a positive effect. Some of those who achieved their primary goal (eg 351 
reading) also reported additional benefits: the most common report was an improvement for 352 
watching TV.   353 
Table 9 shows the change in MRS and TPS for the learners who felt they had, or had not, 354 
achieved their aim of reading better. The changes for the group that achieved their aim, 355 
suggests that any link between the subjective perception and the objective reading performance 356 
is perhaps more likely to be due to TPS than to MRS. Although the improvements in TPS are 357 
small, and do not reach statistical significance, the “successful” group achieved a post-training 358 
TPS that was more likely to be useful in accessing everyday printed tasks.  359 
Table 9 Mean (+/- SD) of reading performance parameters for three groups of readers. The 360 
readers were divided by their satisfaction with training: Group 1 – training aim was to read better 361 
and learner felt aim was not achieved; Group 2 – training aim was to improve reading and 362 
 learner felt this was achieved; Group 3 – learner had no expectations regarding reading prior to 363 
training. #missing reading data for one participant. 364 
 Pre-
training 
MRS 
(wpm) 
Post-
training 
MRS 
(wpm) 
t-test 
significance 
Pre-
training 
TPS 
(point 
size) 
Post-
training 
TPS 
(point 
size) 
t-test 
significance 
Aim to  read 
better not 
achieved 
(n=22#) 
97.3±57.1 79.3±65.2 P=0.21 23.8±22.2 17.9±17.2 P=0.13 
 
Aim to read 
better was 
achieved 
(n=42) 
110.2±46.1 106.0±54.1 P=0.42 14.9±15.5 12.6±15.5 P=0.06 
No 
expectations 
regarding 
reading 
(n=57) 
106.7±69.0 97.4±65.3 P=0.17 22.3±24.0 16.8±19.1 P<0.001 
 365 
The learners were not asked specifically about the trainers: it had been important in recruiting 366 
trainers to the study that we could reassure them that they were not being personally 367 
“assessed” in any way. However when asked about good and bad features of the training, the 368 
trainer was spontaneously mentioned by 63% of learners. The trainers were perceived to be 369 
well-trained, knowledgeable, friendly and patient. A total of 75% of learners reported receiving 370 
helpful advice in addition to that relating to the EV training: this included 44% about lighting, 371 
43% about visual aids, and 9.5% about technology and gadgets (some learners reported good 372 
advice in several categories). 373 
Discussion 374 
The organisation of the programme was in general very well received by the learners. The 375 
learners have a high average age, and welcome the fact that the training can be conducted in 376 
their own home. A significant majority (68%) believed that they had achieved a positive 377 
outcome, and that they had received helpful advice. It might have been expected from this, that 378 
 the learners would have had better knowledge about visual impairment following the training. 379 
However the scores of the learners for the MLVQ knowledge questions were not improved post-380 
training.  381 
Despite the subjective reports from learners, there was no improvement in reading speed and 382 
only a modest improvement in threshold print size. It could be argued that the reading test used 383 
was not appropriate, but the single sentence format is well established in low vision, and likely 384 
to have been easier for the learners than a test of extended reading. This test also allowed the 385 
performance of individuals with a wide range of acuities to be tested using the same reading 386 
material. The sentence reading test is more representative of survival, rather than leisure, 387 
reading, which is a more realistic goal for those with a central scotoma. The criteria for 388 
maximum reading speed (i.e. the single highest reading) has been used in other studies21, but is 389 
more generous than the averaging methods used by most investigators22. However in the 390 
current study, the largest print was often the one that was read at the fastest speed (31 learners 391 
pre-training, and 24 post-training), and it is known that speed for the largest size text is often 392 
less than the optimal because of the angular extent of the text23. It was not possible to use 393 
averaging in this study since there were often insufficient values, and there was a possibility that 394 
the average would have combined some readings with a magnifier, and some without. This lack 395 
of averaging may have contributed to increased variability in the measurements, making it more 396 
difficult to establish statistical significance, but there is no suggestion in the mean results of any 397 
trend to improvement in reading speed with training.  Ahn and Legge24 suggest that the reading 398 
speed with large print is highly predictive of the reading speed achieved with a magnifier, so this 399 
measure of reading performance would be expected to be improved even if the learner did not 400 
have appropriate magnification.  In 13% of cases, the trainer did not report the conditions under 401 
which the pre-and post-training reading tests were carried out (ie with or without a magnifier), 402 
 and it is possible these were different, thereby diluting a training effect. However for the other 403 
87% of learners, it is known that the same aids were used for both tests.        404 
In order to obtain optimum visual acuity using EV, it is important that the image is focussed on 405 
the retina, and, in most cases, that magnification is also available. In the earlier report on the 406 
MacSoc training programme6, it appeared that only about one third of participants were using 407 
magnifiers. Although this limitation had therefore been a major concern for the current study, it 408 
seemed unfounded based on the number of learners who possessed up-to-date spectacles, and 409 
magnifiers. The question asked “how long have you had your spectacles?” probably over-410 
estimates the age of the current spectacles in some cases, since some responders 411 
misinterpreted the question as “how long have you been wearing reading spectacles?”. It is one 412 
thing to possess a magnifier, but another to use it, and learners were asked a separate question 413 
about what spectacles and/or magnifiers they would use if they were going to try to read small 414 
print. Although 88% said they would use a magnifier, only 45% are confirmed to have done so 415 
during the reading test. Therefore, although there was every reason to expect that most learners 416 
were in a position to take full advantage of any improvement in their fixation abilities brought 417 
about by the training, it seems that some learners chose not to do this. Even those who did use 418 
an optical magnifier used relatively long working distances: especially when using SES, the 419 
optimum position for the magnifier is to place it close to one eye, consistently viewing through 420 
the centre of the lens to avoid aberrations and image movement (from lens prismatic effect). 421 
Better results may have been achieved if the trainers had emphasised the importance of correct 422 
magnifier and spectacle usage, although this would require a change in their own training.  423 
Where a clinical trial may have strict inclusion criteria, the Mac Soc programme is open to any 424 
individual who joins the Society. As a volunteer-delivered service provided in a community 425 
setting with a national footprint, it is not possible to pre-screen to establish visual function before 426 
individuals meet with their volunteer trainer. This restriction potentially means that individuals 427 
 with vision either too good or too poor to benefit from the techniques, or indeed with other co-428 
morbidities (e.g. dementia, severe physical tremors or head movements) that limit the ability to 429 
fully participate in the learning activities, might be included. There is also a group of individuals 430 
diagnosed with macular degeneration, perhaps with vision loss in one eye, who wish to find out 431 
more about the technique as a back-up in case of vision loss as the disease progresses. This 432 
latter group (9/121 (7.5%) in the current cohort) would be expected to only have one session 433 
with the trainer. All other participants who had more than one visit were assumed to have 434 
undergone training (112/121 = 92.5%), suggesting that this is the proportion of unselected 435 
learners who are suitable for training. This figure is likely to be an overestimate even in this 436 
programme: many of the protocol breaches (see Figure 1) are individuals who were (incorrectly) 437 
withdrawn from the study by trainers because they were unsuitable. More significantly, it also 438 
appears that there were a large number of learners with already good reading performance who 439 
trainers were willing to train: before training, over 50% of learners had MRS in excess of 100 440 
wpm, and around 20% read at more than 160 wpm. In a large mixed group of patients with AMD 441 
provided with optical or electronic magnifiers, the mean reading speed was 72 wpm25.  Reading 442 
is usually even slower in those undertaking EV training:  pre-training reading speeds reported 443 
range from 12±5 to 58±33 wpm13. In the current study, however, the mean reading speed did 444 
not change significantly, even for the group with a pre-training reading speed less than 40 wpm.  445 
There is no suggestion in previous work that the training should be made available to anyone 446 
who would like to undertake it. It has been possible for other services to screen out unsuitable 447 
learners because it is not offered as a "stand alone" provision, but in partnership with a service 448 
which first offers optimal refractive correction and magnification, both of which are seen as 449 
fundamental. Similar training methods applied in Sweden26 were only initially offered to 60/351 450 
patients with AMD who attended for visual rehabilitation (the majority just needed simple 451 
magnifiers). As well as those who need only simple magnification, there is also a group whose 452 
 physical and mental wellbeing is poor, and they are most unlikely to be in a position to benefit: 453 
Nilsson and Nilsson26  and Palmer et al27 both excluded individuals in this category.  454 
The mean critical and threshold print sizes accessible by the group did show a statistically 455 
significant improvement, but only by a relatively small amount. This improvement still left the 456 
mean performance at the level of reading large print, rather than standard print. Perhaps 457 
surprisingly, improvements in print thresholds were not related to magnifier use, maybe because 458 
of this relatively low level of performance. If the mean print threshold achieved had been 6 point 459 
print (for example) it would seem extremely unlikely that this would not be strongly influenced by 460 
using a magnifier.  Across the whole group, the number of times the learners read, and the 461 
duration of their reading, also did not change. Mac Soc claim additional advantages of learning 462 
EV ("Learning new ways of seeing can help with reading, taking care of yourself, getting about 463 
and watching TV" 28), but the 7-item NEI-VFQ showed no changes in learner difficulty in carrying 464 
out a range of distance and near tasks.  465 
Mac Soc makes it clear, and it seems well understood by learners, that EV training does not 466 
work for everyone. However if this training does not work because it is being delivered at the 467 
wrong time (e.g. when vision is too good), this may be detrimental to the learner. If their vision 468 
deteriorates, such that they might then have benefitted, they may think it is not worth trying it 469 
again, believing that they will never be suitable for this training. It may therefore be inappropriate 470 
to continue to offer the training simply to anyone who would like to undertake it. 471 
A key part of the training process is practicing the EV and SES techniques regularly between 472 
sessions with the trainer. The majority of learners reported practicing, and the median time 473 
spent seemed appropriate at 15 minutes per day, and just over 1 hour per week. Time spent 474 
was however extremely variable, which suggests that it was not perhaps as structured a regime 475 
as seems to be used in other programmes (e.g. keeping diaries27).  The time between sessions 476 
 with the trainer was relatively long compared to other programmes, at 3 weeks, and this is in 477 
fact slightly less than the expectation of a 1-month interval suggested by Mac Soc. It could be 478 
suggested that this long interval might reduce the intensity of, or motivation for, practice, but this 479 
was not apparent from the interview responses. It also does not give the trainer any opportunity 480 
to correct any inappropriate technique, or offer progression. Interestingly, the amount of practice 481 
time reported did not correlate with any changes in measures of reading performance.  482 
The possible links between "mood" and training are somewhat equivocal. Overall life 483 
satisfaction showed a mean increase which was of borderline statistical significance, yet there 484 
was a very strong correlation to change in reading speed. This finding suggests that if training is 485 
successful in improving reading speed, this improvement does have positive effect on this 486 
quality of life measure. However an alternative measure to judge mood, the positive affect,  487 
showed a highly significant decrease from pre- to post-training. The change in positive affect did 488 
not however correlate with any reading performance changes. This would suggest that this 489 
change is an effect of the general ageing of the group and their other life changes, and is 490 
unrelated to the training itself. 491 
The mean changes in health-related QoL were negligible, but this mean figure does disguise the 492 
fact that there were some marked gains and losses for individual learners. However, these 493 
changes were not strongly correlated with any measures of reading performance, so it is difficult 494 
to identify the cause for them. The current study supports those who suggest that EQ-5D and 495 
VisQoL are measuring different aspects of QoL, since there was only moderate correlation 496 
between them. Unfortunately, it is not possible to say which of them, if either, is more 497 
appropriate for measuring the effects of visual rehabilitation, since neither were changed by 498 
training in this study. There was, however, a modest correlation between change in the VisQoL 499 
score, and change in MRS, suggesting that the VisQoL measure may be more sensitive. 500 
 As first and foremost a pragmatic ‘real world’ evaluation of service effectiveness, there are a 501 
number of limitations to the design of this study which were unavoidable.  The "before and after" 502 
study is, at best, considered to be low quality evidence for the effectiveness of an intervention. 503 
In the current study it was not possible to include a control group because Mac Soc did not wish 504 
to incorporate a "waiting list" arm in the study. Although the lack of convincing quantifiable 505 
change from the intervention is disappointing, it may be that a control group would have shown 506 
a significant decrease in performance. The most likely explanation, however, is that some 507 
learners improved and others got worse, with minimal change overall in the mean group 508 
performance: this can be seen in the Bland-Altman analyses in Figures 2 and 3..  509 
The timing of the post-training interviews proved to be much longer after the training than had 510 
been planned. This delay was partly due to the research team only being aware that training 511 
was complete when the audio-recordings were received from the trainer. These were often not 512 
received immediately because the trainer kept the recorder for visits to other learners. Further 513 
delays were due to difficulty in reaching the learners by phone. It could be argued that the effect 514 
of the training as gathered in the secondary outcomes was therefore diluted by the vision 515 
worsening in the learners as time elapsed. However if the condition was stable, the effect of 516 
training may have been enhanced by the longer time period as the learner had longer to 517 
develop the skill they had learned. This delay did not affect the reading performance 518 
measurements.  519 
In summary, the Mac Soc training programme for EV, is well organized and well resourced, and 520 
uses recognised training methods. Despite this, it did not achieve any significant improvement in 521 
reading speed, and only a modest improvement in threshold print size, .for the group of learners 522 
overall. This illustrates the importance of rigorous evaluation of rehabilitation interventions, 523 
which can provide suggestions for changes to service provision. In this case, it would seem 524 
 important to alter the recruitment of learners to target those who might be most likely to benefit 525 
from this costly and intensive training.     526 
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  595 
 Figure 1 A flowchart showing the number of learner participants at each stage of the study. 596 
 597 
  598 
 Figure 2 A Bland-Altman plot of the difference between post- and pre-training maximum reading 599 
speed (MRS) words per minute (wpm) (y-axis), versus the mean of the post- and pre-training 600 
MRS (in wpm) (x-axis). The blue lines represent the 95% confidence limits of the difference. A 601 
positive mean difference indicates an improvement in performance post-training. The mean 602 
difference was -0.06 so overlaps with the x-axis.   603 
 604 
  605 
 Figure 3 A Bland-Altman plot of the difference between post- and pre-training threshold print 606 
size (TPS) in point size (y-axis), versus the mean of the post- and pre-training TPS (in point 607 
size) (x-axis). The blue lines represent the 95% confidence limits of the difference, and the red 608 
line indicates the mean difference. A negative mean difference indicates an improvement in 609 
performance post-training.    610 
 611 
 612 
 613 
